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The present invention relates to a method for pre- 
paring amines, and more specifically, it relates to a 
method for preparing methylamines from methanol and 
ammonia in which monomethylamine and dimethyl- 
amine are obtained in larger amounts, while the produc- 
tion of trimethylamine is inhibited to a sufficiently low 
level. The methylamines obtained by the method of the 
present invention are useful as raw materials for the 
manufacture of solvents and various intermediates of 
organic synthesis. 

Methylamines, i.e., monomethylamine, dimethyl- 
amine and trimethylamine have been prepared by a 
method in which methanol or a mixture of methanol and 
dimethyl ether is reacted with ammonia, a method in 
which prussic acid is subjected to catalytic reduction, or 
the like. 

These methylamines are produced as a mixture of 
monomethylamine, dimethylamine and trimethylamine, 
and they have independent applications, respectively. 
On the other hand, the demand of these methylamines 
is localized on dimethylamine and monomethylamine, 
and so trimethylamine is nowadays in little demand. The 
methylamines obtained by the reaction of methanol and 
ammonia in the presence of a usual amorphous silica- 
alumina catalyst contain trimethylamine as a main com- 
ponent, and the process using this catalyst has the 
drawback that the production of dimethylamine which is 
in great demand is insufficient. 

In order to overcome this drawback, U.S. Patent No. 
3,384,667 has suggested a technique in which a dehy- 
drated crystalline aluminosilicate (a zeolite) having a 
pore diameter of 5-1 0 A is used as a catalyst in the reac- 
tion of an alcohol having 1 to 18 carbon atoms with 
ammonia to predominantly produce monoamine and 
diamine over triamine. Furthermore, as zeolites suitable 
for the above-mentioned reaction, natural zeolites and 
synthetic zeolites are recited. That is, this U.S. patent 
discloses that examples of the desirable natural zeolites 
include faujasite, analcite, clinoptilolite, ferrierite, 
chabazite, gmelin'rte. levynite, erionite and mordenite. It 
is also disclosed that examples of the desirable syn- 
thetic zeolites include X type, Y type and A type zeolites. 

There is known a method which comprises mixing 
methanol with ammonia in a specific ratio, and then car- 
rying out reaction in the presence of a catalyst such as 
mordenite to form monomethylamine in a surprisingly 
large amount (Japanese Patent Application Laid-open 
No. 113747/1981), and a method which comprises dis- 
proportionating monomethylamine on a crystalline alu- 
minosilicate selected from Na mordenrtes to prepare 
dimethylamine with a high selectivity (Japanese Patent 
Application Laid-open No. 46846/1981). 

In addition, there is also known a method in which a 
natural mineral is used as a mordenite in the same man- 
ner as in the above-mentioned U.S. Patent No. 
3,384,667 (Japanese Patent Application Laid-open No. 



169444/1982), a method in which a mordenite ion- 
exchanged with lanthanum ions is used as the catalyst 
(Japanese Patent Application Laid-open No. 
49340/1983), a method in which a mordenite containing 
5 an ion-exchanged alkaline metal in a specifically limited 
amount range is used as the catalyst (Japanese Patent 
Application Laid-open No. 210050/1984), a method in 
which a steam-treated mordenite is used as the catalyst 
(Japanese Patent Application Laid-open No. 
io 227841/1 984), a method in which an A type zeolite hav- 
ing a low binder content is used as the catalyst (Japa- 
nese Patent Application Laid-open No. 69846/1983), 
and a method in which a Rho type (ZK-5) zeolite is used 
as the catalyst. 
15 When the zeolite catalyst is used by any of the 
above-mentioned methods, the production of trimethyl- 
amine can be inhibited, but for the purpose of inhibiting 
the production of trimethylamine to zero or substantially 
zero, some methods are also known in which a morden- 
20 rte having pores treated by CVD (chemical vapor depo- 
sition) of silicon tetrachloride is used as the catalyst 
(Japanese Patent Application Laid-open No. 
262540/1991; J. Catal., Vol. 131, pp. 482 (1991); and 
U.S. Patent No. 5.137,854). Another method is also 
25 present in which chabazite, erionite, ZK-5 or a Rho type 
zeolite deposited or modified with compounds of silicon, 
aluminum, phosphorus or boron is used as the catalyst 
to restrict the production of trimethylamine (Japanese 
Patent Application Laid-open No. 254256/1986, and 
30 U.S. Patent No. 4,683,334). Moreover, there is also 
known a method which comprises reacting an alcohol 
with ammonia by the use of SAPO of a non-zeolite 
molecular sieve as the catalyst to obtain alkylamines 
(Japanese Patent Application Laid-open No. 734/1990). 
35 As described above, the production of trimethyl- 
amine which is in little demand can be inhibited to a low 
level by using any of the various already disclosed zeo- 
lite-based catalysts in the reaction of methanol and 
ammonia, so that the production of dimethylamine 
40 which is in great demand can be increased. However, 
even if the zeolite-based compound is used as the cata- 
lyst, the production ratio of trimethylamine can be 
merely restricted to usually 10%. or at most about 5%. If 
the production of trimethylamine can be inhibited to 
45 about 1 to 3%, it is not necessary to recycle trimethyl- 
amine which is in little demand to the reaction system 
for disproportionation, and as a result, a manufacturing 
process can be simplified and utilities, steam or the like, 
to be used can be decreased. 
so As a method for reducing the production of trimeth- 
ylamine to a few percent, there is the above-mentioned 
method disclosed in Japanese Patent Application Laid- 
open No. 262540/1991 (U.S. Patent No. 5.137,854) in 
which a mordenite deposited with silicon tetrachloride 
55 by a CVD treatment is used as the catalyst. However, 
this method can be easily carried out on a laboratory 
scale, but it is difficult to industrially manufacture a large 
amount of the catalyst for use in preparing methyl- 



2 




EP 0 593 



amines. 

In the above-mentioned method in which ZK-5 or a 
Rho type zeolite treated with silicon, aluminum, phos- 
phorus or a boron compound is used to inhibit the pro- 
duction of trimethylamine to several percent (U.S. s 
Patent No. 4,683,334). there is the drawback that the 
use of a specific synthetic zeolite such as ZK-5 or Rho 
is required. 

An object of the present invention is to provide a 
method not having such problems as described above, 10 
i.e.. a method for industrially preparing methylamines by 
which the production of dimethylamine and monometh- 
yiamine is increased and the production of trimethyl- 
amine is reduced even to a few percent or less, 
particularly about 1 %. is 

The present inventors have conducted various 
researches on an industrial manufacturing process by 
which the production of trimethylamine is inhibited to an 
extremely low level and the production of monomethyl- 
amine and dimethylamine is increased. As a result, they 20 
have found that the production of trimethylamine can be 
decreased by the use of a specific catalyst in the reac- 
tion of methanol and ammonia. This specific catalyst is 
formed by treating a mordenite of the hydrogen ion type 
with a silyiating agent in a liquid phase, and in a certain 25 
case, the production of trimethylamine can be inhibited 
to 1% or less by using the catalyst. A synthetic morden- 
ite is industrially available and an inexpensive natural 
mordenite is also available in large quantities. In conse- 
quence, the present invention has been completed. 30 

That is, the present invention is directed to a 
method for preparing methylamines which comprises 
reacting methanol with ammonia in a gaseous phase in 
the presence of a catalyst wherein the catalyst is a mor- 
denite obtained by subjecting a mordenite of the hydro- 35 
gen ion type to at least one silylation treatment with a 
silyiating agent in a liquid phase, and then subjecting 
the silylated mordenite to a heat treatment. 

In the method for preparing methylamines by the 
reaction of methanol and ammonia in a gaseous phase, 40 
a modified mordenite subjected to a silylation treatment 
with a silyiating agent in a liquid phase is used as a cat- 
alyst, whereby the production ratio of trimethylamine 
can be reduced to less than 5%, particularly a low level 
of about 1%. In consequence, a process where trimeth- 45 
ylamine is disproportionated and then recycled through 
a reaction system can be omitted, and thus a methyl- 
amine manufacturing process can be simplified. In addi- 
tion, the amount of steam to be used can be decreased. 
Accordingly, the present invention permits the industri- so 
ally advantageous preparation of methylamines. 

A usual mordenite which has often been heretofore 
used in reactions for preparing methylamines from 
methanol and ammonia is a crystalline aluminosilicate 
represented by Na 8 (AI 8 Si4o0 96 ) • 24H 2 0 (ATLAS OF ss 
ZEOLITE STRUCTURE TYPES, W. M. Meier and D. H. 
Olson, Butterworths, 1987). Alternatively, the mordenite 
can be represented by Me 1/n (AISi 5 0 12 ) -3H 2 0 (Me is 
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an alkaline metal, an alkaline earth metal or a hydrogen 
atom, and n is 1 or 2) (Japanese Patent Application 
Laid-open Nos. 169444/1982 and 210050/1984). 

In any case, in the usual mordenite, an Si/AI ratio is 
about 5 and a silica/alumina (Si0 2 /Al 2 0 3 ) ratio is about 
10, irrespective of natural products or synthetic prod- 
ucts (trade name ZEOLON™, made by Norton Co.. Ltd.; 
trade name LZM-8™. made by UCC; and trade name 
CM-180™, made by La Grande Paroisse Inc.). The mor- 
denite in which the silica/alumina ratio is more than 1 1 
is not known except for some specific synthetic prod- 
ucts. 

Accordingly, the mordenite which can be used in 
the method of the present invention has a silica/alumina 
ratio of about 10, or 10 or more. If the mordenite having 
a silica/alumina ratio of 10 or more is used, catalytic 
activity is slightly lower, but the deposition of carbon on 
the catalyst is decreased, so that the life of the catalyst 
can be prolonged. If a silica/alumina ratio of about 10 is 
desired, the usual synthetic or natural mordenite is 
used. The mordenite having a silica/alumina ratio of 11 
or more can be prepared by treating the usual morden- 
ite with an acid, or by subjecting the mordenite to an 
ordinary process such as a combination of the acid 
treatment and a stream treatment. Alternatively, the 
mordenite having a silica/alumina ratio of 11 or more 
can be formed by first preparing a gel-like slurry having 
a composition 

(1 0+n)Na 2 O(3+n)AI 2 O 3 (87-n)SiO 2 
(wherein n is in the range of from 0 to 4) from an aque- 
ous sodium silicate solution and an aqueous aluminum 
chloride solution, and then subjecting the slurry to a 
hydrothermal synthesis at 130-250°C for a period of 
from 10 hours to several days [Am. Mineral., Vol. 65, pp. 
1012(1972)]. 

As the mordenite which will be subjected to a silyla- 
tion treatment, a hydrogen ion type mordenite is usually 
often used because of showing a high activity, but a 
mordenite in which a part of the hydrogen ion type is 
replaced with a small amount of an alkaline metal ion 
type can also be used in a certain case. The synthetic or 
natural mordenite is obtained as an Na ion type, and 
therefore, after ion-exchange with ammonium ions, 
thermal decomposition is carried out to convert the Na 
ion type into the hydrogen ion type (H-type). Alterna- 
tively, the Na type mordenite may be treated with a 1 to 
3 N mineral acid to obtain the hydrogen ion type. 

When the Na content in the mordenite is 0.2% by 
weight or less, the mordenite shows a high catalytic 
activity. However, when the Na content is 3% by weight 
or less, the mordenite becomes the catalyst showing 
the practical activity. The content of K is preferably 5% 
by weight or less. The mordenite having a Ca content of 
5% by weight or less and an Mg content of 2% by weight 
or less is often used. 

Prior to the treatment of the mordenite with the 
silyiating agent, the water content in the mordenite is 
regulated to a predetermined range. In general, the 
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silylation treatment of the mordeniteT^arried out by 
dispersing the mordenite in a solution obtained by dis- 
solving the silylating agent in a suitable solvent In this 
case, the water content in the mordenite is decided in 
compliance with the kind of solvent to be used. 5 

When the solvent is compatible with water, such as 
a lower alcohol, it is preferable that the water content in 
the mordenite is substantially zero. However, if the 
water content is 4% by weight or less, a catalyst having 
a high selectivity can be prepared. 10 

In order to make the water content in the mordenite 
substantially zero, the mordenite is calcined at a tem- 
perature of from 350 to 600°C. 

When the solvent is not uniformly mixed with water 
to form a two-liquid phase, such as benzene, the water 15 
content in the mordenite is in the range of from 3 to 40% 
by weight, preferably from 5 to 30% by weight. If the 
water content deviates from the above-mentioned 
range, it is difficult to maintain the production of trimeth- 
ylamine by the silylated catalyst at a low level of about 20 
1%. The regulation of the water content in the mordenite 
can be carried out in various manners, and for example, 
the following manner is convenient. 

The mordenite which has been ion-exchanged to 
the hydrogen ion type, washed with water, collected by 25 
filtration, and then dried is first calcined at 400-600°C to 
make the water content in the mordenite zero, and then 
the calcined mordenite is allowed to adsorb water vapor 
at about 0 to 60°C under a water vapor pressure, 
whereby 3 to 40% by weight of water is imparted to the 30 
mordenite. In the case of a laboratory scale, a vessel 
containing water is put in the lower part of a desiccator, 
and the mordenite is placed in the upper part of the des- 
iccator. Afterwards, it is allowed to stand at room tem- 
perature for a period of 1 0 to 30 hours, so that 5 to 20% 35 
by weight of water is imparted to the mordenite. Alterna- 
tively, the mordenite which has been ion-exchanged to 
the hydrogen ion type, washed with water and then col- 
lected by filtration is dried at a temperature of from 100 
to 150°C. whereby a water content in the above-men- 40 
tioned range can be imparted to the mordenite. When 
the water content is regulated by this procedure, water 
and a trace amount of an acid are coexistent in the 
pores of the mordenite, and they conveniently function 
as catalysts during the silylation reaction in a liquid 45 
phase. That is, water containing the trace amount of the 
acid included in the pores of the mordenite is gradually 
outwardly released, and it extremely effectively func- 
tions to smoothly advance a hydrolytic reaction after the 
silylation treatment and the silylation reaction. so 

Examples of the silylating agent for use in the silyla- 
tion treatment include tetraalkoxysilanes such as 
tetramethoxysilane and tetraethoxysilane, dimer to hex- 
amer of tetraalkoxysilanes. silicon tetrachloride, dimeth- 
yldichlorosilane. trimethylchlorosilane. tetramethyl- 55 
disilazane and hexamethyldisilazane. 

The silylation treatment of the mordenite is carried 
out in a liquid phase. The silylating agent may be 



directly used, but in general, rtlfWssolved in a suitable 
solvent and then used. 

Examples of the solvent which is often used to form 
a two-liquid phase system with water include aliphatic 
and alicyclic hydrocarbons such as hexane, octane and 
cyclohexane, aromatic hydrocarbons such as benzene, 
toluene and xylene, and ethers such as ethyl ether and 
isopropyl ether. 

Examples of the solvent compatible with water 
which is often used include lower alcohols such as 
methanol, ethanol and isopropyl alcohol, and alkyl 
ethers of ethylene glycol such as ethylene glycol mono- 
methyl ether and ethylene glycol monoethyl ether. 

The desirable solvents are preferably selected in 
compliance with the kind of silylating agent to be used. 

The amount of the silylating agent to be used is 
such that the silicon content in the silylating agent is in 
the range of from 1 to 15% by weight based on the 
weight of the mordenite to be used in terms of silicon 
oxide. 

The concentration of the silylating agent in the sol- 
vent is in the range of from 2 to 30% by weight. When a 
large amount of water is present in the solvent to be 
used, the silylating agent is hydrolyzed in vain, and it is 
preferable that water which is an impurity is slightly con- 
tained in the solvent. 

The above-mentioned silylating agent is dissolved 
in the above-mentioned solvent to form a silylating 
agent solution, and the mordenite is then suspended in 
the silylating agent solution to carry out the silylation 
treatment of the mordenite, whereby a silicon com- 
pound is deposited and fixed on the mordenite. 

The temperature at which the silylation treatment is 
carried out is in the range of from room temperature to 
the boiling point of the solution, and the temperatures in 
the range of from 20 to 200°C are often used. When the 
treatment is given under the application of pressure, the 
treatment temperature can be further raised. 

The time which is taken for the silylation treatment 
depends mainly upon the treatment temperature, but 
the treatment time of from 6 to 100 hours is often used 
at the treatment temperature in the vicinity of room tem- 
perature and the time of from 2 to 20 hours is often used 
at the temperature of from 60 to 90°C. 

After completion of the silylation treatment, the mor- 
denite is separated from the treatment solution by a 
usual manner such as filtration or centrifugal separa- 
tion, and then heated under the atmosphere of an inert 
gas such as nitrogen or under reduced pressure to 
remove the adhered or adsorbed organic solvent there- 
from. Next, the mordenite is heated at 300-600°C in the 
atmosphere of air or oxygen to obtain a catalyst. 

The above-mentioned silylation treatment of the 
mordenite with the silylating agent is not limited to one 
operation but it may be repeated plural times. In partic- 
ular, when the dried mordenite is subjected to the silyla- 
tion treatment by the use of the solvent compatible with 
water, the silylation treatment is repeated several times 
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to obtain the catalyst which permits reducing the pro- 
duction of trimethylamine to about 1%. In the case that 
the moisture-conditioned mordenite is subjected to the 
silylation treatment by the use of the solvent for forming 
a two-liquid phase with water, the catalyst capable of 5 
reducing the production of trimethylamine to a sufficient 
low level can usually be obtained by the one silylation 
treatment operation, and therefore the plural treatment 
operations are unnecessary in many cases. 

In the method of the present invention for preparing 10 
methylamines from methanol and ammonia by using the 
silylated mordenite as a catalyst, in order to further 
decrease the production of trimethylamine, preferably a 
catalyst is used which can be obtained by bringing the 
silylated mordenite into contact with a compound repre- is 
sented by NR 1 R 2 R 3 , and then subjecting the same to a 
heat treatment. In the above-mentioned formula, each 
of R\ R 2 and R 3 is independently a hydrogen atom; a 
non-substituted, an amino group-substituted or a 
hydroxyl group-substituted alkyl group having preferably 20 
1 to 10 carbon atoms; a non-substituted, an amino 
group-substituted or a hydroxyl group-substituted 
cycloalkyl group having preferably 3 to 10 carbon 
atoms; or a non-substituted, an amino group-substi- 
tuted or a hydroxyl group-substituted aryl group having 25 
preferably 6 to 12 carbon atoms. Examples of the alkyl 
group include methyl, ethyl, propyl, butyl, pentyl, hexyl, 
heptyl, octyl, nonyl and decyl, and examples of the 
cycloalkyl group include cyclopentyl and cyclohexyl. 
Furthermore, examples of the aryl group include phe- 30 
nyl, tolyl, xylyl, naphthyl and biphenylyl. 

Typical examples of NR 1 R 2 R 3 include ammonia, 
monomethylamine, dimethylamine, trimethylamine, 
monoethylamine, diethylamine, triethylamine, monopro- 
pylamine, dipropylamine, tripropylamine. 35 

monobutylamine, dibutylamine, tributylamine, 
monopentylamine, dipentylamine, tripentylamine, 
monoethanolamine, diethanolamine, triethanolamine, 
monocyciohexylamine, dicyclohexylamine, aniline, tolu- 
idine and naphthylamine, and they are used for the 40 
above-mentioned contact treatment singly or in the form 
of a mixture of two or more thereof. 

The silylated mordenite is impregnated directly with 
the above-mentioned nitrogen-containing compound or 
with an aqueous solution or an alcohol solution of the 45 
compound, or it is brought into contact with the com- 
pound by spraying the solution. 

The amount of the nitrogen-containing compound 
to be used in the treatment is in the range of from 2 to 
20% by weight based on the weight of the mordenite. A so 
concentration of the solution containing the nitrogen- 
containing compound is in the range of from 1 to 30% by 
weight. 

The temperature at which the mordenite is brought 
into contact with the nitrogen-containing compound is in ss 
the range of from room temperature to 400°C, and the 
contact time is not particularly limited but it is preferably 
in the range of from 1 hour to 1 day. 



As another means for bringing the mordenite into 
contact with the nitrogen-containing compound, there 
may be used a method which comprises filling a reactor 
of an apparatus for a methylamine synthesis reaction 
with the silylated mordenite, reacting methanol with 
ammonia at 250-350°C under 0 to 30 kg/cm 2 ^ and 
then bringing the resultant methylamine into contact 
with the silylated mordenite in the system. In the reactor, 
the time required for the above-mentioned contact treat- 
ment operation is in the range of from several hours to 
60 hours, and the contact time usually often used is in 
the range of from 3 to 30 hours. 

Next, for the silylated mordenite which has been 
brought into contact with the nitrogen-containing com- 
pound, a heat treatment is carried out. 

The temperature of the heat treatment is suitably in 
the range of from 400 to 600°C, and the time required 
for the heat treatment is from several hours to 50 hours. 
The atmosphere in which the heat treatment is carried 
out is an inert gas such as nitrogen, an oxygen-contain- 
ing gas such as air, a flue gas or water vapor, and no 
particular restriction is put on the kind of atmosphere. 
The pressure of the treatment atmosphere is often used 
in the range of from 0 to 30 kg/crrr^G, but it is convenient 
that the heat treatment is carried out in the vicinity of 0 
kg/cn^G. 

In the process in which the heat treatment is carried 
out after the contact with the nitrogen-containing com- 
pound, the dried mordenite can be applied to the 
silylated mordenite catalyst in the solvent compatible 
with water, and this technique is effective to reduce the 
production of trimethylamine to a level of about 1%. In 
particular, this technique is effective in the case that the 
above-mentioned silylation treatment Is done once. 

If the mordenite which is the starting material of the 
catalyst is in the form of molded grains or tablets, it can 
be directly used as the catalyst without any additional 
treatment. If it is in the state of powder, it is extruded or 
tableted. and then used as the catalyst. 

The reaction raw materials which can be used in 
the method of the present invention are ammonia and 
methanol or a mixture of methanol and dimethyl ether. 
The molar ratio of ammonia to methanol is 1:0.5 or 
more, preferably 1 :1 to 1 :10, and the range of from 1 :1 
to 1 :4 is often used. 

The feed of methanol and ammonia which are fed 
to a catalyst layer is preferably in the range of from 0.1 
to 2g/hr • g • cat for methanol and in the range of from 
0.05 to 2.5g/hr • g • cat for ammonia. And the pressure 
for the reaction which is often used is in the range of 
from 0 to 30 kg/cn^G, preferably from 10 to 25 
kg/crrr^G. The expression g • cat means gramm of cata- 
lyst. 

The temperature of the catalyst layer in the practice 
of the reaction is often in the range of from 250 to 
450°C, preferably from 250 to 350°C r 

A reactor which can be used to carry out the 
method of the present invention is a usual fixed-bed or 
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fluidized bed reactor. The reaction between methanol 
and ammonia in the present invention is an exothermic 
reaction of about 14 KCal/mol. and therefore in the case 
that the fixed-bed reactor is used, it is important to 
remove heat of reaction for the purpose of maintaining 5 
the production of trimethylamine at a low level. That is. 
it is necessary to maintain a hot spot of the catalyst bed 
at the upper limit or less of the above-mentioned reac- 
tion temperature. For this purpose, the employment of a 
shell-and-tube reactor is preferable. A tube diameter of w 
the shell-and-tube reactor is often in the range of from 
25.4 mm (1 inch) to 76.2 mm (3 inches). 

From a gas at an outlet of the reactor, methyl- 
amines are separated and collected by a usual separat- 
ing/purifying device, but according to the present is 
invention, the production of trimethylamine is about sev- 
eral percent, and hence an equipment of trimethylamine 
separation step is small-scale and a step of recycling tri- 
methylamine through a reaction system is unnecessary, 
whereby the whole manufacturing process can be sim- 
plified. In addition, since the amount of materials to be 
recycled through the reaction system is decreased, the 
amount of utilities, steam or the like, can be reduced. 

Now, the present invention will be described in ref- 
erence to examples and reference examples. It should 
be noted that the scope of the present invention is not 
limited to these examples. 

Example 1 

1 50 g of a synthetic mordenite were suspended in 1 
liter of a 0.5 N aqueous ammonium nitrate solution, and 
the resultant suspension was heated on an oil bath and 
then ref luxed for 4 hours. The mordenite was collected 
by filtration and then suspended in a fresh 0.5 N aque- 
ous ammonium nitrate solution, and a similar operation 
was then repeated three times in all. Afterwards, filtra- 
tion and water washing were carried out to obtain an 
ammonium type mordenite, and this mordenite was 
dried, and then calcined at 600°C to change into an H- 40 
mordenite. The Na content in the mordenite was 0.13% 
by weight. This mordenite was preserved in a dry 
sealed container. 

60 g of the above-mentioned H-mordenite were 
suspended in a solution obtained by dissolving 7.5 g of 
tetraethoxysilane in 100 g of ethanol. and the suspen- 
sion was then heated and Shaken at 60°C for 8 hours. 
The mordenite was collected by filtration, washed with 
ethanol, heated at 350°C for 3 hours in a nitrogen gas 
flow, and then heated at 500°C for 5 hours in an air flow, so 
The thus treated mordenite was molded into tablets 
having a size of 3 mm x 3 mm, and they were used as a 
catalyst. 

A stainless steel reaction tube having an inner 
diameter of 25.4 mm (1 inch) was filled with 40 g (64 ml) ss 
of the above-mentioned catalyst, and it was then heated 
from the outside with a sand fluid bath. 

Methanol and ammonia were fed to the reaction 
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tube through an evaporator under pressure at flow rates 
of 18 g/hr and 18.7 g/hr, respectively, and reaction was 
then carried out at a catalyst bed temperature of 310°C 
under a pressure of 19 kg/crr^G. Twenty hours after the 
beginning of the reaction, a gas at the outlet of the reac- 
tion tube was sampled and analyzed. As a result, the 
conversion of methanol was 90%, the selectivity of mon- 
omethylamine was 33.3%. the selectivity of dimethyl- 
amine was 63%. and the selectivity of trimethylamine 
was 3.7%. 

Example 2 

110 g of a natural zeolite (mordenite content = 
about 70%) having a particle diameter of from 2 to 4 mm 
were thrown into 1 liter of 2 N hydrochloric add. followed 
by shaking at 50°C for 10 hours. The zeolite was col- 
lected by filtration and then thrown into 1 liter of a fresh 
1 N hydrochloric acid, followed by shaking at 50°C for 1 0 
hours. The zeolite was collected by filtration, washed 
with water, dried, and then heated to 500°C to obtain an 
H-mordenite. The thus obtained zeolite was substan- 
tially completely an H type, and the Na content was 
0.15%. 

50 g of the above-mentioned zeolite were thrown 
into 100 g of a methanol solution in which 7 g of tetram- 
ethoxysilane were dissolved, and the mixture was then 
shaken at room temperature (20-25°C) for 60 hours. 
The zeolite was collected by filtration, washed with 
methanol, heated at 350°C for 2 hours in a nitrogen gas 
flow, and then further heated at 500°C for 4 hours in an 
air flow. The thus treated particulate zeolite was directly 
used as a catalyst in reaction. 

A stainless steel reaction tube having an inner 
diameter of 25.4 mm (1 inch) was filled with 40 g (60 ml) 
of the above-mentioned catalyst, and it was then heated 
from the outside with a sand fluid bath. 

Methanol and ammonia were fed to the reaction 
tube through an evaporator under pressure at flow rates 
of 15 g/hr and 16 g/hr, respectively, and the reaction 
was then carried out at 310°C under a pressure of 19 
kg/cn^G. Thirty hours after the beginning of the reac- 
tion, a gas at the outlet of the reaction tube was ana- 
lyzed. As a result, the conversion of methanol was 90%, 
the selectivity of monomethylamine was 34.4%, the 
selectivity of dimethylamine was 62.1%, and the selec- 
tivity of trimethylamine was 3.5%. 

Example 3 

50 g of a particulate zeolite of Example 2 were 
thrown into a solution obtained by dissolving 7 g of 
tetramethoxysilane in 100 g of benzene, and the mixture 
was then shaken at room temperature (20 to 25°C) for 
60 hours. The zeolite was collected by filtration, washed 
with benzene, heated at 350°C for 3 hours in a nitrogen 
gas flow, and then further heated at 500°C for 4 hours in 
an air flow. The thus obtained particulate zeolite was 
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directly used as a catalyst in reaction. 

A stainless steel reaction tube having an inner 
diameter of 25.4 mm (1 inch) was filled with 40 g (61 ml) 
of the above-mentioned catalyst, and it was then heated 
from the outside with a sand fluid bath. 

Methanol and ammonia were fed to the reaction 
tube through an evaporator under pressure at flow rates 
of 15 g/hr and 16 g/hr, respectively, and the reaction 
was then carried out at 310°C under a pressure of 19 
kg/crrfG. Thirty hours after the beginning of the reac- 
tion, a gas at the outlet of the reaction tube was ana- 
lyzed. As a result, the conversion of methanol was 90%, 
the selectivity of monomethylamine was 28.4%, the 
selectivity of dimethylamine was 62.5%, and the selec- 
tivity of trimethylamine was 9.1%. In this example, the 
substantially anhydrous mordenite and the silylating 
solvent for forming a two-liquid phase system with water 
were used. That is, the combination of the anhydrous 
mordenite and the solvent for forming the two-liquid 
phase system with water could not inhibit the production 
of trimethylamine to as low a level as in example 2. 

Example 4 

200 g of a particulate mordenite (average particle 
diameter = 2-3 mm) were gently stirred for 4 hours in 2 
liters of a 0.2 N aqueous KCI solution, washed with 
water, and then collected by filtration. Next, the col- 
lected mordenite was thrown into 2 liters of a 1.2 N 
aqueous HCI solution, gently stirred for 4 hours, and 
then collected by filtration. Afterwards, 2 liters of a fresh 
1.2 N aqueous HCI solution were added to the morden- 
ite, and then allowed to stand overnight. The mordenite 
was washed with water, collected by filtration, dried, and 
then calcined at 500°C to obtain an H-mordenite. In the 
obtained H-mordenite, the Na content was 0.11% by 
weight, and the K content was 2.3% by weight. 

50 g of the above-mentioned mordenite were sam- 
pled and then thrown into a solution obtained by dissolv- 
ing 9 g of tetraethoxysilane in 70 g of methanol, followed 
by shaking at room temperature for 6 hours. The solid 
was collected by filtration, and calcined at 250°C for 1 
hour in a nitrogen gas flow and then at 500°C for 2 
hours in an air atmosphere to achieve a silylation treat- 
ment. Furthermore, the above-mentioned silylation 
treatment was repeated 4 times to prepare a catalyst. 

40 g of the obtained catalyst were sampled, and a 
methylamine synthetic reaction was tested under the 
same reaction conditions by the same apparatus as in 
Example 1. 100 hours after the beginning of the reac- 
tion, the resultant product was quantitatively analyzed. 
As a result, the conversion of methanol was 91%, the 
selectivity of monomethylamine was 35.6%, the selec- 
tivity of dimethylamine was 63.4%, and the selectivity of 
trimethylamine was 1.0%. 



Example 5 

150 g of a mordenite were suspended in 1 liter of a 
0.5 N aqueous ammonium nitrate solution, and the 

s resultant suspension was heated on an oil bath and 
then refluxed for 8 hours. The mordenite was collected 
by filtration and then thrown into a fresh 0.5 N aqueous 
ammonium nitrate solution, and a similar operation was 
then repeated three times in all. Afterwards, filtration 

w and water washing were carried out to obtain an ammo- 
nium type mordenite, and this mordenite was dried, and 
then calcined at 550°C to change into an H-mordenite. 
This mordenite was preserved in a dry sealed container. 
A container filled with water was put in the lower 

is part of a desiccator, and 60 g of the above-mentioned 
mordenite were put in the upper part of the desiccator. 
Afterwards, the mordenite was allowed to stand at room 
temperature for 20 hours, thereby imparting about 13% 
by weight of water to the mordenite. 

20 60 g of the above-mentioned H-mordenite were 
suspended in a solution obtained by dissolving 12 g of 
tetraethoxysilane in 100 g of benzene, and the suspen- 
sion was then gently shaken at room temperature for 40 
hours. The mordenite was collected by filtration, heated 

25 at 250°C for 2 hours in a nitrogen gas flow, and then fur- 
ther heated at 500°C for 4 hours in an air flow. The 
treated mordenite was molded into tablets having a size 
of 3 mm x 3 mm, and it was used as a catalyst. 

A stainless steel reaction tube having an inner 

30 diameter of 25.4 mm (1 inch)was filled with 40 g (64 ml) 
of the above-mentioned catalyst, and it was then heated 
from the outside with a sand fluid bath. 

Methanol and ammonia were fed to the reaction 
tube through an evaporator under pressure at flow rates 

35 of 18 g/hr and 17 g/hr, respectively, and reaction was 
then carried out at a catalyst bed temperature of 310°C 
under a pressure of 20 kg/cn^G. 100 hours after the 
beginning of the reaction, a gas at the outlet of the reac- 
tion tube was sampled and analyzed. As a result, the 

40 conversion of methanol was 90%, the selectivity of mon- 
omethylamine was 36.1%, the selectivity of dimethyl- 
amine was 63%, and the selectivity of trimethylamine 
was 0.9%. 

45 Example 6 

60 g of an H-mordenite prepared in Example 5 were 
calcined, and then, without moisture conditioning, sus- 
pended in a solution obtained by dissolving 12 g of 

so tetraethoxysilane in 1 00 g of benzene, followed by shak- 
ing at room temperature for 40 hours. Afterwards, the 
mordenite was collected by filtration, heated at 250°C 
for 2 hours in a nitrogen gas flow, further heated at 
450°C for 4 hours in an air flow, and then molded into 

55 tablets having a size of 3 mm x 3 mm. The thus pre- 
pared tablets were used as a catalyst. 

A stainless steel reaction tube having an inner 
diameter of 25.4 mm (1 inch) was filled with 40 g (70 ml) 
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of the above-mentioned catalyst, ancTTfie reaction for Example 8 
synthesizing methylamine from methanol and ammonia 
was tested under the same reaction conditions as in 
Example 5. 

1 20 hours after the beginning of the reaction, a gas s 
at the outlet of the reaction tube was sampled and ana- 
lyzed. As a result, the conversion of methanol was 91%, 
the selectivity of monomethylamine was 28.5%, the 
selectivity of dimethylamine was 65.3%, and the selec- 
tivity of trimethylamine was 6.2%. 10 

The combination of the mordenite which had not 
undergone the moisture conditioning and the silylating 
solvent for forming the two-liquid phase system with 
water could not inhibit the production of trimethylamine 
to as low a level as in example 5. 75 

Example 7 

110 g of a natural zeolite (mordenite content = 
about 70%) having a particle diameter of from 2 to 3 mm 20 
were thrown into 1 liter of 2 N hydrochloric acid, followed 
by shaking at 50°C for 10 hours. The zeolite was col- 
lected by filtration and then thrown into 1 liter of a fresh 
1 N hydrochloric acid, followed by shaking at 50°C for 10 
hours. The zeolite was collected by filtration, and 1 liter 25 
of a fresh 1 N hydrochloric acid was used and a similar 
operation was repeated. The zeolite was collected by fil- 
tration, washed with water, dried, and then heated to 
500°C to obtain an H-mordenite. The thus obtained zeo- 
lite is substantially completely an H-type, and the Na 30 
content was 0.1 9%. 

10% by weight of water were imparted to the cal- 
cined zeolite in the same manner as in Example 5. 50 g 
of the above-mentioned zeolite were thrown into 100 g 
of a toluene solution in which 4 g of tetramethoxysilane 35 
were dissolved, and the mixture was then shaken at 
room temperature (20-25°C) for 20 hours. 

The zeolite was collected by filtration, heated at 
300°C for 2 hours in a nitrogen gas flow, and then fur- 
ther heated at 500°C for 4 hours in an air flow. The thus 40 
treated particulate zeolite was directly used as a cata- 
lyst in the methylamine synthesis reaction. 

A stainless steel reaction tube having an inner 
diameter of 25.4 mm (1 inch) was filled with 40 g (70 ml) 
of the above-mentioned catalyst, and it was then heated 45 
from the outside with a sand fluid bath. 

Methanol and ammonia were fed to the reaction 
tube through an evaporator under pressure at flow rates 
of 16 g/hr and 16 g/hr, respectively, and the reaction 
was then carried out at 310°C under a pressure of 19 so 
kg/crr^G. 

130 hours after the beginning of the reaction, a gas 
at the outlet of the reaction tube was analyzed. As a 
result, the conversion of methanol was 90%, the selec- 
tivity of monomethylamine was 34.8%, the selectivity of ss 
dimethylamine was 64.0%, and the selectivity of tri- 
methylamine was 1.0%. 



50 g (dry basis) of a particulate zeolite containing 
an H-mordenite of Example 7 and having a water con- 
tent of 56% were thrown into a solution obtained by dis- 
solving 10 g of tetramethoxysilane in 100 g of benzene, 
and the mixture was then shaken at room temperature 
(20 to 25°C) for 20 hours. Next, the zeolite was collected 
by filtration, heated at 300°C for 2 hours in a nitrogen 
gas flow, and then heated at 500°C for 4 hours in an air 
flow. The thus obtained particulate zeolite was directly 
used as a catalyst in reaction. 

A stainless steel reaction tube having an inner 
diameter of 25.4 mm (1 inch) was filled with 40 g (71 ml) 
of the above-mentioned catalyst, and it was then heated 
from the outside with a sand fluid bath. 

Methanol and ammonia were fed to the reaction 
tube through an evaporator under pressure at flow rates 
of 16 g/hr and 16 g/hr, respectively, and the reaction 
was then carried out at 310°C under a pressure of 19 
kg/cm^. 

30 hours after the beginning of the reaction, a gas 
at the outlet of the reaction tube was analyzed. As a 
result, the conversion of methanol was 92%, the selec- 
tivity of monomethylamine was 29.4%, the selectivity of 
dimethylamine was 63.5%. and the selectivity of tri- 
methylamine was 7.1%. 

When the mordenite containing water in a larger 
amount than predetermined in the present invention 
was used, the production of trimethylamine could not be 
inhibited to as low a level as in example 7, even rf the 
silylation treatment was carried out. 

Example 9 

100 g of the same particulate zeolite as in Example 
7 were thrown into 1 liter of 1 N hydrochloric acid, and 
the mixture was then gently stirred at room temperature 
for 6 hours, followed by filtration. Next, a fresh 1 N 
hydrochloric acid was added thereto, and a similar treat- 
ment was then carried out. Afterwards, the zeolite was 
washed with water, and then collected by filtration to 
prepare a zeolite containing an H-mordenite. This zeo- 
lite was thrown into 1 liter of a 0.16 N aqueous KCI solu- 
tion, and the mixture was then allowed to stand at room 
temperature for 30 minutes, washed with water, col- 
lected by filtration, and then dried at 1 10°C for 3 hours 
to regulate the water content to 10% by weight. In the 
thus obtained zeolite, the Na content was 0.12% by 
weight, and the K content was 3.2% by weight. 

50 g of the above-mentioned zeolite were thrown 
into a solution obtained by dissolving 12 g of tetraethox- 
ysilane in 80 g of toluene, and the mixture was then 
allowed to stand at room temperature for 16 hours. 
Next, the zeolite was collected by filtration, calcined at 
250°C for 2 hours in a nitrogen gas flow, and then fur- 
ther calcined at 500°C for 2 hours in an air flow to pre- 
pare a catalyst. 
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The same reactor as in Example 5 was filled with 40 
g of this catalyst, and the performance of the catalyst 
was tested under the same reaction conditions as in 
Example 7. 

100 hours after the beginning of the reaction, the 
resultant product was analyzed. As a result, the conver- 
sion of methanol was 84%. the selectivity of monometh- 
ylamine was 39.1%. the selectivity of dimethylamine 
was 60.0%. and the selectivity of trimethylamine was 
0.9%. 

Example 10 

50 g of a zeolite containing an H-mordenite of 
Example 9 were thrown into a 0.2 N aqueous NaCI solu- 
tion, and the mixture was then allowed to stand for 30 
minutes. Next, the zeolite was washed with water, col- 
lected by filtration, and then dried at 110°C. In the thus 
obtained zeolite, the Na content was 1 .2% by weight, 
and the K content was 1 .1% by weight. 

The above-mentioned zeolite were thrown into a 
solution obtained by dissolving 12 g of tetraethoxysilane 
in 80 g of benzene, and the mixture was then allowed to 
stand at room temperature for 16 hours. Afterwards, the 
zeolite was collected by filtration, calcined at 250°C for 
2 hours in a nitrogen gas flow, and then further calcined 
for 3 hours in an air flow to prepare a catalyst. 

40 g of this catalyst were sampled, and the perform- 
ance of the catalyst was tested under the same reaction 
conditions as in Example 9. As a result, the conversion 
of methanol was 85%, the selectivity of monomethyl- 
amine was 38.0%, the selectivity of dimethylamine was 
61 .1%. and the selectivity of trimethylamine was 0.9%. 

Example 11 

150 g of a synthetic mordenite were suspended in 1 
liter of a 0.5 N aqueous ammonium nitrate solution, and 
the resultant suspension was heated on an oil bath and 
then refluxed for 4 hours. Next, the mordenite was col- 
lected by filtration and then suspended in a fresh 0.5 N 
aqueous ammonium nitrate solution, and a similar oper- 
ation was then repeated three times in all. Afterwards, 
filtration and water washing were carried out to obtain 
an ammonium type mordenite, and this mordenite was 
dried, and then calcined at 600°C to change into an H- 
mordenite. This mordenite was preserved in a dry 
sealed container. 

60 g of the above-mentioned H-mordenite were 
suspended in a solution obtained by dissolving 7.5 g of 
tetraethoxysilane in 100 g of ethanol, and the suspen- 
sion was then heated and shaken at 68°C for 8 hours. 
Next, the mordenite was collected by filtration, washed 
with ethanol, heated at 350°C for 3 hours in a nitrogen 
gas flow, and then further heated at 500°C for 5 hours in 
an air flow. The thus treated mordenite was molded into 
tablets having a size of 3 mm x 3 mm. 

The thus obtained tablets were thrown into an 



aqueous solution in which monomethylamine, dimethyl- 
amine and trimethylamine were dissolved (the total con- 
centration of the methylamines was 5%), and the tablets 
were then impregnated directly with the aqueous solu- 

5 tion at room temperature for 2 hours. Next, the tablets 
were separated from the aqueous solution, and then 
thermally treated at 450°C for 4 hours in an air atmos- 
phere to prepare a catalyst. 

A stainless steel reaction tube having an inner 

io diameter of 25.4 mm (1 inch) was filled with 40 g (64 ml) 
of the above-mentioned catalyst, and it was then heated 
from the outside with a sand fluid bath. 

Methanol and ammonia were fed to the reaction 
tube through an evaporator under pressure at flow rates 

75 of 18 g/hr and 18.7 g/hr, respectively, and reaction was 
then carried out at a catalyst bed temperature of 300°C 
under a pressure of 19 kg/crrfo. 20 hours after the 
beginning of the reaction, a gas at the outlet of the reac- 
tion tube was sampled and analyzed. As a result, the 

20 conversion of methanol was 90%, the selectivity of mon- 
omethylamine was 35.2%, the selectivity of dimethyl- 
amine was 63%, and the selectivity of trimethylamine 
was 1 .8%. 

25 Example 12 

A mordenite catalyst silylated in Example 11 was 
used in a methylamine synthesis, without being sub- 
jected to a nitrogen-compound treatment and a heat 

30 treatment. 

A stainless steel reaction tube having an inner 
diameter of 25.4 mm (1 inch) was filled with 40 g (65 ml) 
of the above-mentioned catalyst, and the reaction for 
synthesizing methylamine from methanol and ammonia 

35 was tested under the same reaction conditions as in 
Example 11. 

Twenty hours after the beginning of the reaction, a 
gas at the outlet of the reaction tube was sampled and 
analyzed. As a result, the conversion of methanol was 
40 91%, the selectivity of monomethylamine was 31.1%, 
the selectivity of dimethylamine was 65.1%, and the 
selectivity of trimethylamine was 3.8%. 
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Example 13 



1 10 g of a natural zeolite having a particle diameter 
of 2 to 4 mm (mordenite content = about 70%) were 
thrown into 1 liter of a 2 N hydrochloric acid, and the 
mixture was then shaken at 50°C for 10 hours. Next, the 

so zeolite was collected by filtration, thrown into a fresh 1 N 
hydrochloric acid, and then shaken at 60°C for 1 0 hours. 
The thus treated zeolite was collected by filtration, 
washed with water, dried, and then heated up to 500°C 
to obtain a zeolite containing an H-mordenite. The thus 

55 obtained zeolite was substantially completely an H-type 
and had an Na content of 0.18%. 

50 g of the above-mentioned zeolite were thrown 
into 100 g of a methanol solution in which 7 g of tetram- 



9 



17 



EP 0 593 086 B1 



18, 



ethoxysilane were dissolved, and the mixture was then 
shaken at room temperature (20-25°C) for 20 hours. 
Afterwards, the zeolite was collected by filtration, 
washed with methanol, heated at 350°C for 2 hours in a 
nitrogen gas flow, and then further heat at 500°C for 4 
hours in an air flow. The thus obtained particulate zeo- 
lite was directly used as a catalyst in reaction. 

A stainless steel reaction tube having an inner 
diameter of 25.4 mm (1 inch) was filled with 40 g (60 ml) 
of the above-mentioned catalyst, and it was then heated 
from the outside with a sand fluid bath. 

Methanol and ammonia were fed to the reaction 
tube through an evaporator under pressure at flow rates 
of 19 g/hr and 20 g/hr, respectively, and reaction was 
then carried out at 305°C under a pressure of 19 
kg/crr^G. 

40 hours after the beginning of the reaction, a gas 
at the outlet of the reaction tube was analyzed. As a 
result, the conversion of methanol was 91%, the selec- 
tivity of monomethylamine was 34.3%, the selectivity of 
dimethylamine was 62.0%, and the selectivity of tri- 
methylamine was 3.7%. 

Example 14 

A reaction operation of methanol and ammonia was 
interrupted in the above-mentioned Example 13, and a 
nitrogen gas was caused to stream at 450°C under 2 
kg/crr^G at 1 00 ml/min on a catalyst bed to carry out the 
heat treatment of the catalyst of a silylated mordenite 
which had been brought into contact with a nitrogen- 
containing compound during a methylamine synthetic 
reaction in a reactor. 

A heat treatment was carried out for 6 hours, and a 
synthetic reaction of methylamine was tested at a cata- 
lyst bed temperature of 307°C by feeding methanol and 
ammonia under the same conditions as in Example 13. 

30 hours after the beginning of the reaction, a gas 
at the outlet of the reaction tube was analyzed. As a 
result, the conversion of methanol was 89%, the selec- 
tivity of monomethylamine was 34.8%, the selectivity of 
dimethylamine was 63.5%, and the selectivity of tri- 
methylamine was 1.7%. 

Example 15 

50 g of a particulate mordenite converted into a 
hydrogen ion type (Na content = 0.15% by weight, par- 
ticle diameter = 2-3 mm) were calcined at 500°C, 
cooled, thrown into 150 ml of a 0.05 N aqueous HCI 
solution, and then allowed to stand for 1 hour. Next, the 
thus treated mordenite was collected by filtration, 
washed with 200 ml of deionized water, filtered with suc- 
tion, and then dried at 130°C for 3 hours. In this state, 
the water content in the mordenite was 10% by weight, 
and 0.01 mmol/g of HCI remained. 

Afterwards, the above-mentioned mordenite was 
thrown into a solution obtained by dissolving 5 g of tetra- 



ethoxysilane in 100 g of toluene, and a silylation treat- 
ment was then carried out at room temperature for 30 
hours with gently shaking. Next, the mordenite was fil- 
tered with suction, calcined at 200°C for 2 hours in an 

5 N 2 gas flow, and then further calcined at 500°C for 3 
hours in an air flow to prepare a catalyst. 

A stainless steel reaction tube having an inner 
diameter of 25.4 mm (1 inch) was filled with 40 g (74 ml) 
of the catalyst, and methanol and ammonia were fed to 

to the reaction tube through an evaporator at flow rates of 
19 g/hr and 19 g/hr, respectively, and the reaction was 
then carried out at 294°C under a pressure of 20 
kg/cm 2 ^ 

Sixty hours after the beginning of the reaction, a 
75 gas at the outlet of the reaction tube was analyzed, and 
as a result, the conversion of methanol was 94%, the 
selectivity of monomethylamine was 33.4%, the selec- 
tivity of dimethylamine was 64.0%, and the selectivity of 
trimethylamine was 2.6%. 

20 

Claims 

1. A method for preparing methylamines which com- 
prises reacting methanol with ammonia in a gase- 

25 ous phase in the presence of a catalyst wherein the 
catalyst is a mordenite obtained by subjecting a 
mordenite of the hydrogen ion type to at least one 
silylation treatment with a silylating agent in a liquid 
phase, and then subjecting the silylated mordenite 

30 to a heat treatment. 



35 



2. The method for preparing methylamines according 
to Claim 1 wherein said silylating agent is a 
tetraalkoxysilane. 



3. The method for preparing methylamines according 
to Claim 1 or 2 wherein said silylation treatment is 
carried out in a solvent compatible with water, and 
the water content in said mordenite of the hydrogen 

40 ion typ to be subjected to said silylation treatment is 
4% by weight or less. 

4. The method for preparing methylamines according, 
to Claim 3 wherein said solvent compatible with 

45 water is an alcohol. 

5. The method for preparing methylamines according 
to Claim 1 or 2 wherein said silylation treatment is 
carried out in a solvent for forming a two-liquid 

so phase system with water, and the water content in 
said mordenite of the hydrogen ion type to be sub- 
jected to said silylation treatment is in the range of 
from 3 to 40% by weight. 

55 6. The method for preparing methylamines according 
to any of Claims 1 to 5 wherein said mordenite of 
the hydrogen ion type to be subjected to said silyla- 
tion treatment includes water and an acid. 
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7. The method for preparing methylamines according 
to any of Claims 1 to 6 wherein said catalyst is a 
catalyst prepared by bringing said silylated morden- 
Me of the hydrogen ion type into contact with a com- 
pound represented by the formula NR 1 R 2 R 3 (each 5 
of R 1 , R 2 and R 3 is independently a hydrogen atom; 

a non-substituted, an amino group-substituted or a 
hydroxyl group-substituted alkyl group; a non-sub- 
stituted, an amino group-substituted or a hydroxyl 
group-substituted cycloalkyl group; or a non-substi- w 
tuted, an amino group-substituted or a hydroxyl 
group-substituted aryl group), and then subjecting 
said mordenite to a heat treatment at 400 to 600°C. 

8. The method for preparing methylamines according 75 
to any of Claims 1 to 7 wherein in said mordenite of 
the hydrogen ion type to be subjected to said silyla- 
tion treatment or said silylated mordenite of the 
hydrogen ion type, the sodium content is 3% by 
weight or less. 20 

9. The method for preparing methylamines according 
to Claim 8 wherein in said mordenite of the hydro- 
gen ion typ to be subjected to said silylation treat- 
ment or said silylated mordenite of the hydrogen ion 25 
typ, the sodium content is 0.2% by weight or less. 

10. The method for preparing methylamines according 
to any Claims 1 to 9 wherein in said mordenite of 

the hydrogen ion typ to be subjected to said silyla- 30 
Won treatment or said silylated mordenite of the 
hydrogen ion typ, the potassium content is 5% by 
weight or less. 

11. The method for preparing methylamines according 35 
to any of Claims 1 to 10 wherein in reacting metha- 
nol with ammonia, the temperature is in the range 

of from 250 to 350°C. the pressure is in the range of 
from 0 to 30 kg/crr^G. and the molar ratio of ammo- 
nia to methanol is in the range of from 1 :1 to 1 :4. 40 

12. The method for preparing methylamines according 
to any of Claims 1 to 11 wherein the reaction of 
methanol and ammonia is carried out in a shell- 
and-tube reactor. 45 

Patentanspruche 

1. Verfahren zur Herstellung von Methylaminen, das 
die Umsetzung von Methanol mit Ammoniak in so 
einer gasfOrmigen Phase in der Gegenwart eines 
Katalysators umfaBt, bei dem der Katalysator ein 
Mordenit ist, der dadurch erhalten wurde, daB ein 
Mordenit vom Wasserstoffionentyp mindestens 
einer Silylierungsbehandlung mit einem Silylie- 55 
rungsmittel in einer flussigen Phase unterzogen 
wurde und dann der silylierte Mordenit einer War- 
mebehandlung unterzogen wurde. 



2. Verfahren zur Herstellung von Methylaminen 
gemaB Anspruch 1 , bei dem das Silylierungsmittel 
ein Tetraalkoxysilan ist. 

3. Verfahren zur Herstellung von Methylaminen 
gemaB Anspruch 1 Oder 2, bei dem die Silylie- 
rungsbehandlung in einem mit Wasser kompatiblen 
L&sungsmittel durchgefuhrt wird und der Wasser- 
gehalt im Mordenit vom Wasserstoffionentyp, der 
der Silylierungsbehandlung unterzogen werden 
soli, 4 Gew.-% Oder weniger betragt. 

4. Verfahren zur Herstellung von Methylaminen 
gemaB Anspruch 3, bei dem das mit Wasser kom- 
patible LGsungsmittel ein Alkohol ist. 

5. Verfahren zur Herstellung von Methylaminen 
gemaB Anspruch 1 Oder 2, bei dem die Silylie- 
rungsbehandlung in einem L&sungsmittel durchge- 
fuhrt wird, das mit Wasser ein Phasensystem aus 
zwei FlOssigkeiten bildet. und der Wassergehalt im 
Mordenit vom Wasserstoffionentyp, der der Silylie- 
rungsbehandlung unterzogen werden soli, im 
Bereich von 3 bis 40 Gew.-% liegt. 

6. Verfahren zur Herstellung von Methylaminen 
gemaB einem der Anspruche 1 bis 5, bei dem der 
Mordenit vom Wasserstoffionentyp, der der Silylie- 
rungsbehandlung unterzogen werden soil, Wasser 
und eine Saure einschlieBt. 

7. Verfahren zur Herstellung von Methylaminen 
gemaB einem der Anspruche 1 bis 6, bei dem der 
Katalysator ein Katalysator ist. der durch in Kontakt 
bringen des silylierten Mordenits vom Wasserstoff- 
ionentyp mit einer durch N R 1 R 2 R 3 Qederder Reste 
R 1 , R 2 und R 3 ist unabhangig ein Wasserstoffatom. 
ein unsubstituierter, ein mit einer Aminogruppe 
substituierter oder einer Hydroxylgruppe substitu- 
tierter Alkylrest. ein unsubstituierter. ein mit einer 
Aminogruppe substituierter oder einer Hydroxyl- 
gruppe substituierter Cycloalkylrest. oder ein 
unsubstituierter, ein mit einer Aminogruppe substi- 
tuierter oder einer Hydroxylgruppe substituierter 
Arylrest) wiedergegebenen Verbindung und 
anschlieBende Warmebehandlung des Mordenits 
bei 400 bis 600°C hergestelrt wurde. 

8. Verfahren zur Herstellung von Methylaminen 
gemaB einem der Anspruche 1 bis 7, bei dem im 
Mordenit des Wasserstoffionentyps. der der Silylie- 
rungsbehandlung unterzogen werden soli, oder im 
silylierten Mordenit vom Wasserstoffionentyp der 
Natriumgehalt 3 Gew.-% oder weniger betragt. 

9. Verfahren zur Herstellung von Methylaminen 
gemaB Anspruch 8. bei dem im Mordenit vom Was- 
serstoffionentyp, der der Silylierungsbehandlung 
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unterzogen werden soil, Oder im snylierten Morde- 
nit vom Wasserstoffionerrtyp der Natriumgehalt 0,2 
Gew.-% Oder weniger betragt. 

10. Verfahren zur Herstellung von Methylaminen 
gemaB einem der AnsprOche 1 bis 9, bei dem im 
Mordenit vom Wasserstoffionentyp, der der Silylie- 
rungsbehandlung unterzogen werden soil, Oder im 
silylierten Mordenit vom Wasserstoffionentyp der 
Kaliumgehalt 5 Gew.-% oder weniger betrflgt. 

11. Verfahren zur Herstellung von Methylaminen 
gemaB einem der Anspruche 1 bis 10, bei dem bei 
der Umsetzung von Methanol mit Ammoniak die 
Temperatur im Bereich von 250 bis 350°C liegt, der 
Druck im Bereich von 0 bis 30 kg/cm^ liegt, und 
das molar e Verhaitnis von Ammoniak zu Methanol 
im Bereich von 1 :1 bis 1 :4 liegt. 

12. Verfahren zur Herstellung von Methylaminen 
gemaB einem der Anspruche 1 bis 1 1, bei dem die 
Umsetzung von Methanol und Ammoniak in einem 
ROhrenbundelwarmereaktor durchgefuhrt wird. 

Revendications 

1. Proc6d6 pour la preparation de methyiamines qui 
comprend la reaction de methanol avec de I'ammo- 
niac en phase gazeuse en presence d'un cataly- 
seur, dans lequel le catalyseur est une mordenite 
obtenue en soumettant une mordenite du type a ion 
hydrogene a au moins un traitement de silylation 
avec un agent silylant en phase liquide, et puis en 
soumettant la mordenite silyiee a un traitement 
thermique. 

2. Proc6d6 pour la preparation de methyiamines 
selon la revendication 1, dans lequel ledit agent 
sylilant est un tetra-alcoxysilane. 

3. Proc6d6 pour la preparation de methyiamines 
selon la revendication 1 ou 2, dans lequel ledit trai- 
tement de sylilation est effectue dans un solvant 
compatible avec I'eau, et la teneur en eau dans 
ladite mordenite du type a ion hydrogene destinee 
a etre soumise audit traitement de sylilation est de 
4% en poids ou moins. 

4. Proc6d6 pour la preparation de methyiamines 
selon la revendication 3, dans lequel ledit solvant 
compatible avec I'eau est un alcool. 

5. Procede pour la preparation de methyiamines 
selon la revendication 1 ou 2, dans lequel ledit trai- 
tement de sylilation est effectue dans un solvant 
pour former un systeme a deux phases liquides 
avec I'eau, et la teneur en eau dans ladite morde- 
nite du type a ion hydrogene destinee a §tre sou- 



mise audit traitement de sylilation est dans la 
gamme de 3 a 40% en poids. 

6. Proc6d6 pour la preparation de methyiamines 
5 selon Tune quelconque des revendications 1 a 5, 

dans lequel ladite mordenite du type a ion hydro- 
gene destinee a etre soumise audit traitement de 
sylilation comprend de I'eau et un acide. 

10 7. Proc6de pour la preparation de methyiamines 
selon Tune quelconque des revendications 1 a 6, 
dans lequel ledit catalyseur est un catalyseur pre- 
pare en amenant ladite mord6nite syliiee du type a 
ion hydrogene en contact avec un compose repre- 

75 sente par la formule NR 1 R 2 R 3 (chacun parmi R 1 , 
R 2 et R 3 etant ind6pendamment un atome d'hydro- 
gene; un groupe alkyle non substitue, substitue par 
un groupe amino ou substitue par un groupe 
hydroxyle; un groupe cycloalkyie non substitue, 

20 substitue par un groupe amino ou substitue par un 
groupe hydroxyle; ou un groupe aryle non substi- 
tue, substitue par un groupe amino ou substitue par 
un groupe hydroxyle), et puis en soumettant ladite 
mord6nite a un traitement thermique entre 400 et 

25 600°C. 

8. Procede pour la preparation de methyiamines 
selon I'une quelconque des revendications 1 a 7, 
dans lequel dans ladite mordenrte du type a ion 
30 hydrogene destinee a §tre soumise audit traitement 
de sylilation ou ladite mordenite syliiee du type a 
ion hydrogene, la teneur en sodium est de 3% en 
poids ou moins. 

35 9. Procede pour la preparation de methyiamines 
selon la revendication 8, dans lequel dans ladite 
mordenite du type a ion hydrogene destinee a §tre 
soumise audit traitement de sylilation ou ladite mor- 
denite syliiee du type a ion hydrogene, la teneur en 

40 sodium est de 0,2% en poids ou moins. 

10. Procede pour la preparation de methyiamines 
selon I'une quelconque des revendications 1 a 9, 
dans lequel dans ladite mordenite du type a ion 
45 hydrogene destinee a §tre soumise audit traitement 
de sylilation ou ladite mordenite syliiee du type a 
ion hydrogene, la teneur en potassium est de 5% 
en poids ou moins. 

so 11. Proc6d6 pour la preparation de methyiamines 
selon Tune quelconque des revendications 1 a 10, 
dans lequel dans la reaction du methanol avec 
('ammoniac, la temperature est dans la gamme de 
250 a 350°C, la pression est dans la gamme de 0 a 

55 30 kg/crr^G, et le rapport molaire entre Pammoniac 
et le methanol est dans la gamme de 1 :1 a 1 :4. 

12. Proc6d6 pour la preparation de methyiamines 
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seion Tune quelconque des revendications 16 11. 
dans lequel la reaction du methanol et de rammo- 
niac est effective dans un r^acteur & faisceau tubu- 
laire. 
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